Abstract. Fat mass and obesity associated (FTO) is a proteincoding gene. FTO gene is an obesity related gene, also known as the obesity gene. It has been reported previously that FTO is associated with a variety of malignant cancers, such as breast, thyroid and endometrial cancer. The aim of the present study was investigate the FTO expression of human gastric cancer and to investigate its clinical value. FTO expression was determined by immunohistochemical analysis with tissue microarrays in GC tissues and corresponding adjacent nontumor tissues. Moreover, the results in protein and mRNA level were confirmed by the real-time PCR and western blot analysis. The relationship between the FTO expression and the pathological characteristics of GC patients was also explored. In addition, by using MTT, clone formation and Transwell assays, we studied the effects of FTO expression on biological function of GC cells in vitro. The Kaplan-Meier method and the log-rank test were used to compare the overall survival rate between the FTO high-expression group and the low-expression group. We affirmed repeatedly upregulation of FTO expression in both protein and mRNA levels in GC tissues compared to corresponding adjacent non-tumor tissues. Immunohistochemistry by tissue microarray of FTO expression was remarkably increased in GC tissues (72 of 128, 56.3%) compared with adjacent non-tumor tissues (24 of 62, 38.7%). FTO expression level was closely related to low differentiation (P<0.001), lymph node metastasis (P=0.029).
Introduction
Gastric cancer (GC) is the fifth most common cancer and the third most common cause of cancer-related death worldwide (1, 2) . Although the incidence of GC has been declining for several decades, GC is one of the most common cancers in China, accompanied by a high incidence and mortality, approximately accounting for 10% of all malignancies (3) . The treatment strategies for gastric cancer have made great progress, however, the prognosis of gastric cancer is still poor; due to most cases being diagnosed in an advanced stage, the 5-year survival rate is only 20-30% (4). Currently known major risk factors for GC include Helicobacter pylori infection, living environment, diet, genetic and immune factors and chronic stomach diseases (5) . There have been advancements in the molecular biomarkers utilised in the cancer detection, furthermore, in the development of therapeutic agents based on the target genes for a few types of solid tumors including GC (6) . With the development of biotechnology, the molecular mechanisms and alterations that lead to initiation and progression of GC, including multiple genetic and molecular alterations and mutations have been revealed (7) . These biomarkers can help us make early diagnosis and predict the prognosis of GC patients.
FTO also known as ALKBH9, it is localized on chromosome 16q12.2, FTO belongs to the non-heme Fe II/α-KG-dependent dioxygenase AlkB family proteins that also includes ABH1 to ABH8 (8) . After identification of a fusedtoe mutant mouse whose phenotype results from a 1.6-Mb deletion of six genes, including FTO, the FTO gene was first cloned (9) . In 2007, FTO was described as the first gene in association with the common obesity. FTO is an AlkB-like 2-oxoglutarate-dependent nucleic acid demethylase with a strong preference for 3-methylthymidine and 3-methyluracil single-stranded DNA and RNA (10) . It has been reported that FTO can oxidize demethylate m-3T and m-3u in singlestranded DNA (ssDNA) and single-stranded RNA (ssRNA) in vitro (11) . The expression of FTO mRNA is extensive in different human tissues indicates that it may be involved in important biological processes (11, 12) . Although obesity is a basic biological mechanism of the risk of the development of cancer it is not fully understood, recent studies have shown that the FTO gene may associate with cancer risk (13) , such as breast (14) , thyroid (15) and endometrial cancer (16) .
To date, no research has been reported on whether FTO is associated with GC. The aim of this study was to investigate the FTO expression in GC patient specimens and to appraise the clinicopathological implications of FTO expression in GC. Our efforts are aimed at discovering the potential influence of FTO in carcinogenesis and progression of GC.
Materials and methods
Tissue specimen. Gastric cancer (GC) specimens were collected from 128 patients with primary gastric cancer during surgery in Hospital Affiliated of Nantong University from January 2010 to February 2011, and the patients were enrolled in this study. After surgical resection, randomly selected carcinoma adjacent tissue specimens and GC tissues were obtained from 128 patients. The carcinoma adjacent tissues were assessed microscopically for the presence of normal cells and absence of dysplastic cells, and taken >3 cm distance from the tumor margin. Immediately the fresh sample was divided into two parts, frozen in liquid nitrogen, one was maintained at -80˚C until use real-time PCR and western blot analysis, the other was embedded in paraffin after fixation in 10% formalin (24-48 h) fixed for immunohistochemical diagnosis. Clinical data were also collected on sex, age, tumor size, TNM stage, and lymph node metastasis. Distant metastasis was determined by radiological examination. Staging and grading referred to the classification of International Union Against Cancer Criteria (uICC). The patients who participated in the study did not receive radiotherapy or chemotherapy before surgery. This study was conducted with the approval of the institutional ethics board of the Hospital Affiliated of Nantong University.
Western blot analysis. Paired cancer tissue and carcinoma adjacent tissue of 24 cases were randomly chosen from 128 gastric cancer patients for western blot analysis. The whole protein was extracted by lysis buffer which contained protease inhibitors (Promega, Madison, WI, uSA). The 10% sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was used to isolate equal amounts of protein, and these proteins were then transferred into a polyvinylidene fluoride (PVDF) membrane. Then the membranes were blocked for 2 h with 5% non-fat milk in TBST (Tris-buffered saline containing 0.1% and incubated with the primary antibodies overnight at 4˚C; monoclonal mouse anti-human FTO at 1:1,000 dilution (Abcam, Cambridge, uK) or monoclonal mouse anti-β-actin as internal reference, at 1:2,000 dilution (SigmaAldrich, St. Louis, MO, uSA). The membranes were washed three times in TBST, for 5 min each time. Then, incubated with IRDye 680 CS-conjugated goat anti-mouse secondary antibody (1:1,000 dilution; Sigma-Aldrich) for 2 h at room temperature according to the manufacturer's instructions. Eventually signals were scanned with an Odyssey Infrared Imaging system (LI-COR Biosciences, Lincoln, NE, uSA) and analyzed with PDQuest 7.2.0 software (Bio-Rad Laboratories, Hercules, CA, uSA).
Immunohistochemical staining and evaluation. A total of 128 GC tissues, 62 matched adjacent non-cancerous tissues specimens were prepared and used in this study. We used tissue microarray (TMA) system (Quick-Ray uT06; unitma Co., Ltd., Seoul, Korea) in the Department of Clinical Pathology. Core tissue biopsies (2 mm in diameter) were taken from individual paraffin-embedded sections and arranged in recipient paraffin blocks. TMA specimens were cut into 4 µm sections and placed on super frost-charged glass microscope slides. TMA analysis was used as a quality control for hematoxylin and eosin staining. Tissue sections were deparaffinized and rehydrated in graded ethanol. Antigen retrieval was performed by boiling sections in ethylene diaminetetra-acetic acid buffer, pH 6.0, for 3 min in a pressure cooker. Endogenous peroxidase activity was quenched with 3% hydrogen peroxide for 30 min. TMA slides were stained using monoclonal mouse anti-FTO antibody (Abcam) at 4˚C overnight. Then, by incubation with a horseradish-peroxidase-conjugated goat anti-mouse secondary antibody (Sigma-Aldrich) at 37˚C for 30 min. Slides were then processed using horseradish peroxidase and 3,3-diaminobenzidine chromogen solution and counterstained with hematoxylin. The semiquantitative H-score method was used to convert the expression of FTO to continuous intensity values, based on both the staining intensity and the percentage of cells at that intensity. According to the traditional semiquantitative pathology scoring, staining intensity was scored as follows: 0 (-, no staining), 1 (+, weak staining), 2 (++, moderate staining), or 3 (+++, intense staining). The percentage of cells stained at a certain intensity was determined and multiplied by the intensity score to generate an intensity percentage score. The final staining score of each tissue sample was the sum of the four intensity percentage scores, and these scores ranged from 0 (no staining) to 300 (100% of cells with +++ staining intensity).
Real-time PCR. Firstly, the TRIzol (Gibco, Grand Island, NY, uSA) was used to extract total RNAs from tumor tissue samples. Then quantitative real-time PCR was performed using HotStart-IT SYBR-Green qPCR Master Mix (2X; uSB Corp., Cleveland, OH, uSA). In the light of the HotStart-IT protocol, 25 µl actions were run of with 2 µl cDNA. We perform RT-PCR experiments in a LightCycler 480 system (Roche Applied Sciences). PCR steps: first hot start at 95˚C for 10 min; then 40 cycles of amplification/quantification at 95˚C for 10 sec, next 60˚C for 30 sec and 72˚C for 30 sec during the time fluorescence was measured. Melting curve analysis was implemented using continuous fluorescence acquisition from 65 to 97˚C. These cycling parameters produced single amplicons for both primer sets used on the basis of the presence of a single melt peak. We use the β-actin as the internal reference. The primer sequences are as follows: a 169-bp segment of the FTO gene 5'-TGGTGTCCCAAGAAATCGTG-3' (sense) and 5'-TGCAGGCCGTGAACCAC-3' (antisense), a 107-bp segment of the β-actin gene 5'-AACTTCCGTTGCTGCCAT-3' (sense) and 5'-TTTCTTCCACAGGGCTTTG-3' (antisense). All quantitative real-time PCRs were repeated 3 times for each gene, and each sample was done in triplicate.
Cell culture. Four human GC cell lines (BGC823, MKN45, SGC7901 and AGS) and the human normal stomach epithelial mucosa cell line (GES) from the Cell Bank of the Committee on Type Culture Collection of the Chinese Academy of Sciences (Shanghai, China). These cell lines were grown in Dulbecco's modified Eagle's medium (DMEM; Invitrogen, Carlsbad, CA, uSA) or RPMI-1640 medium (Gibco) containing with 10% fetal bovine serum (FBS; HyClone Laboratories, Inc., Logan, UT, USA) and were cultured in humidified incubator at 37˚C with 5% CO 2 .
Construction of plasmid and transfection. The siRNA oligos for FTO were designed and purchased from Shanghai GenePharma Co., Ltd., (Shanghai, China). The targeting sequence was FTO-siRNA1: GCAGTGTATCTGAGGAGCTCCATAA, FTO-siRNA2: CGGTATCTCGCATCCTCATTGGTAA and FTO-siRNA3: TCAGCGGTGGCAGTGTACAGTTATA. A FTO overexpression plasmid (pcDNA3.1-FTO) containing the coding sequence was constructed using PCR-generated fragments and pcDNA 3.1(+) vector. Then the PCR products were cloned into the mammalian expression vector pcDNA 3.1(+). All constructs were confirmed by DNA sequence analysis. We use the stable transfectant of the pcDNA 3.1(+) vector as the control group. During the course of transfection, the FTO siRNA and pcDNA 3.1(+)-FTO expression plasmids were transfected into GC cells using Lipofectamine 2000 (Invitrogen) according to the manufacturer's instructions. The western blot assay was used to evaluate the level of FTO expression after transfection.
Cell viability assay and Transwell assay. MTT assay was used to assess the cell viability. Firstly, we use the 96-well plates at 5x10 3 cells/well in complete medium for the cells. The cells were cultured for 24 h. Next, the culture medium was replaced with a medium which contained 10% FBS. Then, 10 µl MTT was added to each corresponding test and the cells were kept in culture for 4 h. Finally, all samples were measured at 490 nm spectrophotometric absorbance.
Cell migratory capacity was confirmed by Transwell assay (BD Biosciences, San Jose, CA, uSA) according to the manufacturer's instructions. These transfected cells were harvested 24 h after transfection. Then 3.0x10 5 transfected cells or untreated cells were added to each upper insert in serum-free medium. To the matched lower chamber, 500 µl of medium containing 10% FBS was added. After incubation, non-migrated cells were removed from the upper surface of the Transwell membrane with a cotton swab, and the migrated cells on the lower membrane surface were fixed in methanol. Lastly, 0.1% crystal violet was used to stain cells, then photographed and counted. The above experiments were performed in triplicate and repeated three times.
Colony formation assay. Cells (5x10 4 /well) were plated in a 24-well plate after transfection. After 24 h, the cells collected and seeded (1,000-1,500/well) in a fresh 6-well plate for 12 days. Surviving colonies (>50 cells/colony) were counted after fixed with methanol/acetone (1:1) and stained with 5% gentian violet (ICM Pharma, Singapore). After washing three times with phosphate-buffered saline (PBS) to remove excess dye, the cells were photographed and counted. The experiment was carried out in triplicate wells three times.
Statistical analysis. All data were analyzed using statistical analyses performed using the SPSS 17.0 (SPSS, Inc., Chicago, IL, uSA). The relationship between the FTO expression level and the clinicopathological characteristics was subjected to χ 2 analysis. Survival analysis was calculated using the KaplanMeier method and curves were assessed using the log-rank test. Cox's proportional hazards model was used to carry out the multivariate analysis of several prognostic factors. The results are presented as the mean ± SD of at least three independent experiments and P<0.05 was considered to be statistically significant.
Results

FTO expression in primary gastric tumors.
The expression of FTO was determined by TMA-based immunohistochemistry (IHC) studies. We showed that the expression level of FTO in GC tissues and adjacent tissues were different, FTO expression was significantly elevated in GC patients but negative or low in non-tumor tissues (Fig. 1) . Positive staining was predominantly localized in the nucleus of GC cells. Overall, FTO expression was positive (FTO ++ or FTO +++) in 72 of 128 GC tissues (56.3%), the carcinoma adjacent tissues (38 of 62, 61.3%) were mostly negative of FTO expression (FTOor FTO+). Overall, GC tissues had high FTO expression as compare with the adjacent non-cancerous tissues (P=0.023; Table I ).
The above results were further tested by western blot analysis in 24 random pairs of GC and corresponding carcinoma adjacent tissues. Furthermore, the representative western blot results in 6 cases are shown in Fig. 2A . The results show that FTO protein level was upregulated in the GC samples (75%, 18 of 24) compared with corresponding carcinoma adjacent tissues. The average FTO protein level in 24 gastric carcinoma Table I . FTO expression compared in gastric cancer and adjacent non-tumor tissues. tissues was significantly higher than that in corresponding carcinoma adjacent tissues (P=0.024; Fig. 2B ). Real-time PCR also was used to examine the mRNA expression of FTO in 36 primary GC tissues and their corresponding adjacent normal tissues selected randomly. As shown in Fig. 2C , the average expression of FTO mRNA level was significantly higher in GC tissues compared with adjacent non-cancerous tissues (P<0.001). To investigate the prognostic effect of FTO expression on overall survival rate of GC patients, Kaplan-Meier survival curves and the log-rank test was used to compare the 5-year survival rate of patients with high or low FTO expression level. According to the immunohistochemical results of FTO staining in tumors cells, GC patients were divided into two groups including FTO low expression group and high expression group. We found that the group with the high FTO expression levels had a poorer prognosis than the group with low levels of FTO expression (χ 2 =8.415, P<0.001; Fig. 3 ). univariate and multivariate analysis was used to estimate the independent prognostic factors of FTO (Table III) . The Cox's proportional hazards model showed that that histological grade, invasive depth, TNM stage, lymph node metastasis and FTO expression were significantly associated with overall survival in GC patients. In addition, we found that FTO expression and TNM stage were independent prognostic indicators for overall survival of GC patients.
FTO expression is correlated to clinicopathological factors
FTO expression -----------------------------
Downregulation of FTO expression inhibits cell proliferation, migration and invasion abilities in vitro.
Thus, based on the above, we hypothesized that FTO played the role as a cancer promoting gene. We used the MTT and colony formation assays to identify the effect of FTO on cell viability and proliferation. MKN45 cells have the highest FTO expression in the four GC cells (Fig. 4) . After transfected with FTO siRNA1, FTO siRNA2 and FTO siNRA3, we found that siRNA1 reduced the level of endogenous FTO expression more significantly than siRNA2 and siRNA3 by western blot analysis (Fig. 5A) . The results demonstrated that the viability of MKN45 cells was lower and the number of colonies of MKN45 cells in the siRNA treated group was less than in the control group ( Fig. 5B and C; P<0.05) . Besides, the Transwell assay shows that knockdown of FTO expression markedly decreased the migrated and invaded cell number of MKN45 cell lines ( Fig. 5D and E; P<0 .05).
Overexpression of FTO promotes cell viability, proliferation, migration and invasion in vitro.
The effects of FTO on the viability, proliferation, migration and invasion of GC cells were evaluated. AGS cell line was selected to investigate whether overexpression of FTO affected cell viability, proliferation, migration and invasion in GC. In addition, the FTO expression level of AGS cell line was the lowest in the four GC cell lines. Thus, AGC cells were transfected with recombinant plasmids containing the full ORF of the wild-type FTO. Western blot analysis confirmed that the cells transfected with the FTO recombinant plasmid showed higher expression levels of the FTO protein compared with cells transfected with the empty vector control pEGFP-N1 (Fig. 6A) . The results of MTT and colony formation assays showed that overexpression of FTO promoted viability and the number of colonies of AGS cells ( Fig. 6B and C ; P<0.05). We also found that overexpression of FTO could increase the transformation phenotype of GC cells in vitro. Then, to investigate the potential affect of FTO on cellular migration and invasion, FTO overexpressing plasmid or control plasmid were transfected into AGS cells. We use Transwell assays to determine their migratory and invasive abilities after 24 h. The result reflects that overexpression of FTO enhanced the migratory and invasive capacity of AGS cells ( Fig. 6D and E; P<0.05). 
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Discussion
Despite the incidence of gastric cancer is declining, gastric cancer imposes a significant health burden around the world. GC is often diagnosed in advanced stages and carries a poor prognosis (17) . At present, gastric resection combined with chemotherapy and/or radiotherapy is the rational treatment. But early diagnosis and treatment are keys for better clinical outcome in with GC patients (18) . Owing to lack of effective biomarkers for early gastric cancer, the outcome of gastric cancer patients remains dismal (19) . Discovery of new biomarkers can help us find early and accurate prediction of tumor behavior, and the survival of GC patients can be improved. By taking advantage of serum protein antigens, oncogenic genes or gene families through improving molecular biological technologies, modern biomedical research has explored many potential gastric cancer biomarker genes (19, 20) . FTO is a new gene as a biological marker. FTO is mapped on chromosome 16p12.2 and is widely expressed in many tissues of human body, with highest levels are detected in the brain, pancreatic islets, and the digestive organs (12) . It is proved that FTO gene is link to obesity, dysmorphic facies and other diseases (21) . The function of the FTO gene product and the biological pathways involved are not completely known. Furthermore, it has been shown that FTO localizes into the nucleus and functional studies with bioinformatics analysis revealed that the FTO gene encodes a 2-oxoglutarate-dependent nucleic acid demethylase which may have a potential role in regulating the transcription of genes related to in metabolism by nucleic acid demethylation of DNA (22) . FTO gene is a nuclear protein of the AlkB related non-heme iron, however, the precise physiological function of the gene is unclear. What we do know is that other non-heme iron enzymes function to reverse alkylated DNA and RNA damage by oxidative demethylation (23) . It has been suggested that increased expression of FTO can promote the occurrence and development of various types of cancer. Such as breast, thyroid, endometrial cancer (14) (15) (16) , and experiments suggest FTO expression positively correlates with these cancers. Thus, we can speculate that FTO acts as a tumor promoting gene. There are no studies showing the expression profile of FTO in gastric cancer. The above experiments were designed to predicate the role of FTO in GC.
In the present study, the FTO protein expression was detected by western blot analysis. We found that FTO protein was upregulated in the GC tissues compared with the carcinoma adjacent tissues. Moreover, we use quantitative PCR to analyze the mRNA level of FTO. PCR results showed that the mRNA levels of FTO in the GC tissues were obvi- ously higher compared with the corresponding carcinoma adjacent tissues. To further confirm the results of western blot analysis and qPCR, we used immunohistochemical staining to examine the FTO expression in GC tissues and to estimate whether the FTO expression level has links with clinicopathological parameters and the prognosis of GC patients. We also found that FTO expression in GC tissues was significantly higher than the adjacent non-cancerous tissues. In addition, FTO expression was positively correlated with histological differentiation, lymph node metastasis and TNM stage in GC. Therefore, as well as in breast, thyroid and endometrial cancer, FTO overexpression may promote the occurrence of GC and the abnormal expression of FTO might be associated with GC tumor progression and metastasis. Moreover, in vitro, the viability, proliferation and migration and invasion of AGS cells were markedly promoted by overexpression of FTO, however, knockdown of FTO expression inhibited the viability, proliferation and migration and invasion of MKN45 cells. It is generally known that H. Pylori infection has been considered as a risk factor for the occurrence of GC, 50% of the world's population is infected with H. Pylori (24) . Nevertheless, in the present study, no significant difference in FTO expression was observed in patients with or without H. pylori infection.
According to the Kaplan-Meier analysis, the overall 5-year survival of GC patients and the level of FTO expression were negatively correlated. High FTO expression had a significant relationship with shorter survival time of GC patients. Based on the above experimental results, we can conjecture that FTO may play more vital role in advanced cancer of the stomach and the FTO protein may have a direct effect on the invasion of GC. Multivariate analysis indicated that in overall survival of GC patients, FTO expression was an independent prognostic indicator, and high expression of FTO gene may indicate poor prognosis. Recently, FTO has been shown to contribute to the development of several cancer types (14) (15) (16) . Although in these reported studies, the exact functions and the mechanistic actions of FTO have not been defined completely so far.
In conclusion, our data indicate that the overexpression of FTO is involved in cancer progression and dedifferentiation in gastric carcinoma patients and the detection of increased FTO expression might help confirm GC patients with a poor prognosis. However, the exact mechanism of FTO gene in gastric cancer and other tumors is not completely understood. Therefore, further large studies are needed to figure out the relationship of FTO expression with GC and to investigate the mechanisms underlying the relationship.
